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Introduction {#sec001}
============

Recent advances in intensive care unit (ICU) management have reduced the mortality of patients during ICU and hospital treatment \[[@pone.0214602.ref001],[@pone.0214602.ref002]\]. Although in-hospital mortality has decreased, the long-term treatment outcomes of ICU survivors are still poor \[[@pone.0214602.ref003],[@pone.0214602.ref004]\]. Thus, increasing interest has been shown in finding clinical factors that can predict the long-term mortality of ICU survivors \[[@pone.0214602.ref005],[@pone.0214602.ref006]\].

ICU survivors often experience persistent physical and/or neuropsychiatric impairments, known together as post-intensive care syndrome \[[@pone.0214602.ref007]--[@pone.0214602.ref009]\]. Numerous studies have shown that these impairments are not only long-lasting but are also significantly associated with long-term prognosis \[[@pone.0214602.ref010]--[@pone.0214602.ref014]\]. Reflecting the importance of these factors on the long-term outcomes of ICU survivors, the National Institutes of Health NHLBI ARDS Network proposed the endotyping method to advance understanding of post ICU care patients according to physical, cognitive, and mental health status by showing that decreased physical function with decreased mental health was related to poor long-term outcomes of ICU survivors \[[@pone.0214602.ref015]\]. However, despite the clinical relevance of this study, very complicated scales were applied that are time-consuming and need specialized teams of physical therapists or specialists, precluding the potential use of the endotyping method in screening programs on patients in real-clinics.

Therefore, it is reasonable to suggest that a more convenient and simplified method could be performed during daily practice to predict the long-term mortality of ICU-survivors. In our institution, the physical function and level of consciousness of the patients are mandatorily evaluated by the attending nurses at hospital discharge. However, no previous study has attempted to evaluate whether this simplified functional assessment at hospital discharge can predict long-term morality of ICU-survivors. Using a prospective observational medical ICU patients data for quality improvement (QI) in nursing and retrospectively supplemented for analysis, we investigated whether simplified measurement of physical function and level of consciousness at hospital discharge by attending nurses could predict long-term outcomes after hospital discharge in medical ICU patients.

Materials and methods {#sec002}
=====================

Study patients {#sec003}
--------------

Data of 246 patients who were admitted to the medical ICU at the Samsung Medical Center (a 1961-bed, university-affiliated, tertiary referral hospital in Seoul, Korea) for at least 48 hours and recorded for QI in nursing between December 2013 and August 2014 was conducted. Of the 246 patients, 77 died before hospital discharge and 12 were excluded since they were admitted to another hospital at hospital discharge. Finally, 157 patients were included in this study ([Fig 1](#pone.0214602.g001){ref-type="fig"}).

![Flow chart.](pone.0214602.g001){#pone.0214602.g001}

Data collection {#sec004}
---------------

Data were prospectively collected for the quality improvement (QI) project of the ICU to improve the quality of the intensive care unit, and additional variables from the relevant data retrospectively collected through medical records.

Medical records were collected from each patient at three different stages: at the time of ICU admission, during ICU care, and at hospital discharge. At the time of ICU admission, data including age, gender, body mass index (BMI), smoking history, previous medical history, reason for admission to ICU, activity before admission, admission source (ward, emergency room, other ICU within hospital or outside hospital), and Simplified Acute Physiology Score (SAPS) 3 were evaluated. During ICU care, the medical data included the length of ICU stay, mobility, sedation scores, use of sedatives or analgesics, and use of artificial devices were evaluated. We further collected medical records including physical function and level of consciousness at hospital discharge.

Definitions {#sec005}
-----------

Long-term survival was analyzed based on mortality at two-years after hospital discharge. Dosages of opioids including fentanyl, morphine, hydromorphone, and remifentanil were converted to their fentanyl equivalent \[[@pone.0214602.ref016]\]. Dosages of benzodiazepines were described as midazolam dosage because we only used midazolam. To evaluate the physical function and level of consciousness at the time of hospital discharge, attending nurses prospectively assessed these factors at the time of hospital discharge, classified the patients into alert and non-alert (drowsy, stupor, and semi-coma) groups according to level of consciousness and groups who can walk, those who can move using a wheelchair, and bed-ridden groups according to locomotion function. For analyses, patients were further classified into three groups according to the composite of physical function and level of consciousness as follows: Group A included patients who were alert and capable of walking or moving using a wheelchair; Group B included patients who were alert, but in bed-ridden status; and Group C included patients who were not alert and in bed-ridden status. Delirium was assessed three times a day using the Confusion Assessment Method-ICU (CAM-ICU) \[[@pone.0214602.ref017]\]. For analyses, we calculated the area under the curve (AUC) of CAM, which was defined as the area of the CAM value over time. Richmond Agitation-Sedation Scale (RASS) was used to estimate levels of sedation and agitation and were checked once daily \[[@pone.0214602.ref018]\]. Each RASS measurement was classified into favorable (-1, 0, 1) and unfavorable (-5, -4, -3, -2, 2, 3, 4) measurements. For analysis, the proportion of favorable RASS measurement over a total number of RASS measurements was calculated for each patient.

Statistical analysis {#sec006}
--------------------

Categorical variables were analyzed using the Pearson χ2 test or Fisher exact test. Continuous variables were analyzed using the Mann-Whitney-Wilcoxon U test. Multivariate analysis using the Cox-regression model was used to evaluate whether the composite mental and performance status are significantly associated with long-term survival after hospital discharge. Initial candidate variables were those at the time of ICU admissions (including age, sex, BMI, SAPS3, the presence of malignancy, use of mechanical ventilation, RASS, and CAM) and those at the time of hospital discharge (including the level of consciousness and functional status). Covariates with P \< 0.2 in univariate analysis, a variance inflation factor of less than 4, and those clinically relevant were entered into the multivariate model. All tests were two-sided, and a P value of less than 0.05 was considered statistically significant. All analyses were performed using SPSS for Windows (ver. 24.0; IBM Corp., Armonk, NY, USA) and R version 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria)

Ethics approval and consent to participate {#sec007}
------------------------------------------

This study was a retrospective observational study and the study protocol was approved by the institutional review board of the Samsung Medical Center to review and publish information obtained from patient records (IRB no. 2018-01-021-002). Informed consent was waived by the IRB due to the retrospective study design. All methods employed in this study were performed in accordance with the relevant guidelines and regulations.

Results {#sec008}
=======

Baseline characteristics {#sec009}
------------------------

The baseline characteristics of 157 patients are described in [Table 1](#pone.0214602.t001){ref-type="table"}. Of the 157 patients, the median age was 66.0 years (interquartile range \[IQR\], 54.0--75.0 years) and 99 (63.1%) were men. The median BMI was 22.5 kg/m^2^ (IQR, 20.4--25.1 kg/m^2^). Common previous medical histories were hypertension (n = 85, 54.1%), diabetes mellitus (n = 51, 32.5%), and malignancy (n = 34, 21.7%). The common causes of ICU admission were respiratory failure (n = 81, 51.6%) and sepsis (n = 35, 22.3%). Regarding physical activity before ICU admission, 103 patients (65.6%) were independent. Seventy-seven patients (49.0%) were admitted through the emergency room and 53 patients (33.8%) were referred from the general ward within the hospital. The median SAPS 3 score and the Acute Physiology and Chronic Health Evaluation II score (APACHE II) were 51.0 (IQR, 40.0--62.0) and 23.0 (IQR, 17.5--30.0), respectively.

10.1371/journal.pone.0214602.t001

###### Baseline characteristics of study population.
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  ----------------------------------------------------------------------------------------------------------
                                     Total\              Survivors\          Non-survivors\      *p* value
                                     (*N* = 157)         (*n* = 103)         (*n* = 54)          
  ---------------------------------- ------------------- ------------------- ------------------- -----------
  Age, years                         66.0 (54.0--75.0)   64.0 (51.5--72.5)   69.5 (58.0--76.0)   0.026

  Gender, Male                       99 (63.1)           62 (60.2)           37 (68.5)           0.394

  BMI,kg/m^2^                        22.5 (20.4--25.1)   22.9 (20.9--25.5)   21.4 (19.6--24.2)   0.019

  Ever smoker                        15 (9.6)            10 (9.7)            5 (9.3)             \>0.999

  Previous medical history                                                                       

      Hypertension                   85 (54.1)           54 (52.4)           31 (57.4)           0.670

      Diabetes mellitus              51 (32.5)           37 (35.9)           14 (25.9)           0.275

      Cerebrovascular disease        15 (9.6)            8 (7.8)             7 (13.0)            0.444

      Malignancy                     34 (21.7)           14 (13.6)           20 (37.0)           0.001

      Chronic kidney disease         24 (15.3)           18 (17.5)           6 (11.1)            0.413

  ICU admission diagnosis                                                                        0.468

      Respiratory                    81 (51.6)           51 (49.5)           30 (55.6)           

      Cardiovascular                 11 (7.0)            5 (4.9)             6 (11.1)            

      Sepsis                         35 (22.3)           25 (24.3)           10 (18.5)           

      Bleeding                       7 (4.5)             5 (4.9)             2 (3.7)             

      Others                         23 (14.6)           17 (16.5)           6 (11.1)            

  Activity status before admission                                                               0.724

      Independent                    103 (65.6)          68 (66.0)           35 (64.8)           

      Stand by assist/supervision    15 (9.6)            10 (9.7)            5 (9.3)             

      Minimal assist                 9 (5.7)             4 (3.9)             5 (9.3)             

      Moderate assist                17 (10.8)           12 (11.7)           5 (9.3)             

      Total assist                   13 (8.3)            9 (8.7)             4 (7.4)             

  ICU admission source                                                                           0.557

      General ward                   53 (33.8)           36 (35.0)           17 (31.5)           

      Emergency room                 77 (49.0)           48 (46.6)           29 (53.7)           

      Other hospital                 14 (8.9)            11 (10.7)           3 (5.6)             

      Other ICU in the hospital      10 (6.4)            7 (6.8)             3 (5.6)             

      Operation room                 3 (1.9)             1 (1.0)             2 (3.7)             

  GCS score                          14.0 (10.0--15.0)   15.0 (10.0--15.0)   14.0 (10.0--15.0)   0.457

  SAPS 3 score                       51.0 (40.0--62.0)   50.0 (40.0--59.0)   52.5 (43.0--66.0)   0.065

  APACHE II score                    23.0 (17.5--30.0)   22.5 (18.0--29.0)   25.5 (17.0--31.0)   0.341
  ----------------------------------------------------------------------------------------------------------

Data are presented as median (IQR) or number (%).

BMI, body mass index; GCS, Glasgow Coma Scale; SAPS 3, Simplified Acute Physiology Score 3; APACHE II score, Acute Physiology and Chronic Health Evaluation II score.

Compared to survivors, non-survivors were more likely to be older (median 64.0 years \[IQR, 51.5--72.5 years\] vs. 69.5 years \[IQR, 58.0--76.0 years\]; *p* = 0.026), have lower BMI (median 22.9 kg/m^2^ (IQR, 20.9--25.5 kg/m^2^) vs. 21.4 kg/m^2^ (IQR, 19.6--24.2 kg/m^2^); *p* = 0.019), and have malignancy as a comorbidity (37.0% \[20/54\] vs. 13.6% \[14/103\]; *p* = 0.001). No significant differences were observed in gender, smoking history, ICU admission diagnosis, activity status before admission, ICU admission source, SAPS 3, and APACHE II between the patients who survived and non-survived after 2-year of follow up.

Comparison of treatment modalities and sedation and delirium between survivors and non-survivors {#sec010}
------------------------------------------------------------------------------------------------

As shown in [Table 2](#pone.0214602.t002){ref-type="table"}, no statistically significant differences were found in the treatment modalities including medication (opioids, benzodiazepine, propofol, dexmedetomidine, and neuromuscular blocking agent), use of medical devices (artificial airway, home ventilator, extra-corporeal membrane oxygenation, and hemodialysis), and physical therapy between the survivors and non-survivors.

10.1371/journal.pone.0214602.t002

###### Comparison of treatment modalities, and of sedation and delirium between the survivors and non-survivors.
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  --------------------------------------------------------------------------------------------------------------------
                                            Total\               Survivors\           Non-survivors\       *p* value
                                            (*N* = 157)          (*n* = 103)          (*n* = 54)           
  ----------------------------------------- -------------------- -------------------- -------------------- -----------
  **Medication**                                                                                           

  **    Opioids**                           63 (40.1)            41 (40.2)            22 (40.0)            \>.999

  **        Total dose/patient/day, mcg**   3667.1 ± 24665.2     2226.2 ± 7189.5      6415.7 ± 40981.3     . 459

  **    Benzodiazepine infusions**          5 (3.2)              1 (1.0)              4 (7.3)              .096

  **        Total dose/patient/day, mcg**   0.9 ± 5.9            0.1 ± 1.2            2.3 ± 9.8            .105

  **    Propofol infusions**                17 (10.8)            9 (8.8)              8 (14.5)             .406

  **        Total dose/patient/day, mcg**   30.4 ± 173.6         14.1 ± 81.8          61.4 ± 272.7         .218

  **    Dexmedetomidine infusions**         19 (12.1)            13 (12.7)            6 (10.9)             .936

  **        Total dose/patient/day, mcg**   9.9 ± 36.5           11.4 ± 40.7          7.0 ± 26.7           . 415

  **    NMBA**                              11 (7.0)             7 (6.8)              4 (7.4)              \>.999

  **Medical devices**                                                                                      

  **    Artificial airway**                 90 (57.3)            58 (56.3)            32 (59.3)            .853

  **    Mechanical ventilator**             89 (56.7)            59 (57.3)            30 (55.6)            .970

  **    ECMO**                              7 (4.5)              4 (3.9)              3 (5.6)              .940

  **    Hemodialysis**                      33 (21.0)            24 (23.3)            9 (16.7)             .445

  **Physical therapy**                      100 (63.7)           70 (68.0)            30 (55.6)            .174

  **Sedation and Delirium**                                                                                

  **Favorable RASS measurement**            94.9 (71.4--100.0)   95.5 (78.2--100.0)   94.4 (66.7--100.0)   .299

  **Area of CAM**                           1.5 (0.0--4.5)       1.0 (0.0--4.8)       1.5 (0.0--4.0)       .546

  **Length of ICU stay**                    4.1 (2.1--8.9)       4.3 (2.7--8.4)       3.7 (2.0--8.9)       .574
  --------------------------------------------------------------------------------------------------------------------

Data are presented as median and IQR or number (%).

PT, physical therapy; RASS, Richmond Agitation-Sedation Scale; CAM-ICU, Confusion Assessment Method-ICU; NMBA, neuromuscular blocker agent; ECMO, extra-corporeal membrane oxygenation.

Comparison of mental and locomotion function at hospital discharge between survivors and non-survivors {#sec011}
------------------------------------------------------------------------------------------------------

Regarding the level of consciousness at hospital discharge, survivors were more likely to be alert than non-survivors (93.2% \[96/103\] vs. 81.5% \[44/54\]). Regarding locomotion function at hospital discharge, non-survivors were more likely to be bed-ridden than survivors (48.1% \[26/54\] vs. 22.3% \[23/103\]; *p* \< 0.001).

Kaplan-Meier analysis for 2-year survival according to mental and locomotion function {#sec012}
-------------------------------------------------------------------------------------

The Kaplan-Meier plot showed significant differences in survival between the groups classified by level of consciousness (*p* \< 0.01 for alert and non-alert groups, [Fig 2](#pone.0214602.g002){ref-type="fig"}) and locomotion function (*p* \< 0.001 for groups who can walk, those who can move using a wheelchair, and the bed-ridden group, [Fig 3](#pone.0214602.g003){ref-type="fig"}).

![Long-term survival outcomes.\
Kaplan survival curve according to the level of consciousness.](pone.0214602.g002){#pone.0214602.g002}

![Long-term survival outcomes.\
Kaplan survival curve according to physical function.](pone.0214602.g003){#pone.0214602.g003}

Clinical factors associated with survivors after 2-year follow up {#sec013}
-----------------------------------------------------------------

In the univariate Cox proportional hazard regression analysis, age (hazard ratio \[HR\] = 1.02, *p* = 0.025), BMI (HR = 0.92, *p* = 0.022), SAPS 3 (HR = 1.02, HR = 0.022), the presence of malignancy (HR = 2.83, *p* \< 0.001), groups according to the level of consciousness and locomotion function (group B \[HR = 2.00, *p* = 0.027\] and group C \[HR = 3.28, *p* = 0.001\] were factors associated with long-term mortality. In multivariate analyses, the presence of malignancy (adjusted HR = 2.48, *p* = 0.003), the proportion of unfavorable RASS measurement (adjusted HR = 1.09, *p* = 0.011), and group C (HR = 2.62, *p* = 0.013) were significantly associated with long-term mortality. As shown in [Fig 4](#pone.0214602.g004){ref-type="fig"}, significant differences were shown in the adjusted survival curves for the Cox proportional hazard model between the groups ([Table 3](#pone.0214602.t003){ref-type="table"}).

![Adjusted survival curve for the Cox proportional hazard model.](pone.0214602.g004){#pone.0214602.g004}

10.1371/journal.pone.0214602.t003

###### Clinical factors affecting long-term mortality in patients receiving ICU treatment.
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                                                              Univariate          Multivariate                       
  ----------------------------------------------------------- ------------------- -------------- ------------------- -------
  **Age**                                                     1.02 (1.00--1.04)   0.025                              
  **Gender, Male**                                            0.72 (0.41--1.28)   0.264                              
  **BMI**                                                     0.92 (0.86--1.00)   0.022          0.94 (0.87--1.01)   0.085
  **SAPS 3**                                                  1.02 (1.00--1.04)   0.035                              
  **The presence malignancy**                                 2.83 (1.63--4.93)   \< 0.001       2.48 (1.36--4.52)   0.003
  **Mechanical ventilation**                                  0.94 (0.55--1.61)   0.817                              
  **RASS**                                                                                                           
  **    Favorable RASS measurement**                          Ref                                Ref                 
  **    Unfavorable RASS measurement**                        1.01 (1.00--1.02)   0.110          1.09 (1.02--1.16)   0.011
  **Area or curve of CAM-ICU**                                1.02 (0.98--1.06)   0.315          0.92 (0.83--1.01)   0.087
  **Groups by locomotion and mental function**                                                                       
      **Group A**[^**b**^](#t003fn003){ref-type="table-fn"}   Ref                                Ref                 
      **Group B**[^**c**^](#t003fn004){ref-type="table-fn"}   2.00 (1.08--3.70)   0.027          1.56 (0.79--3.07)   0.196
      **Group C**[^**d**^](#t003fn005){ref-type="table-fn"}   3.28 (1.59--6.76)   0.001          2.62 (1.22--5.63)   0.013

BMI, body mass index; SAPS 3, Simplified Acute Physiology Score 3; CAM-ICU, Confusion Assessment Method-ICU.

^a^Adjusted for gender, age, factors with a *p* \< 0.2 (BMI, SAPS3, previous malignancy, group), and mechanical ventilator, RASS, area of CAM-ICU as clinically relevant.

^**b**^Group A included patients with alert mental status who were able to walk or move using a wheelchair.

^**c**^Group B included patients with alert mental status but were bedridden.

^**d**^Group C included patients with non-alert mental status and bedridden.

Discussion {#sec014}
==========

In this study, the relationship between physical function and level of consciousness was evaluated at hospital discharge and subsequent long-term mortality. Our study showed that a simple assessment of physical function or level of consciousness by attending nurses at hospital discharge can predict the long-term mortality of medical ICU survivors. Compared to the patients without physical or cognitive abnormality, those who had both decreased physical function and impaired consciousness had a greater incidence of long-term mortality. To the best of our knowledge, this is the first study showing the effectiveness of simple functional assessment on predicting long-term outcomes of medical ICU survivors.

In this study, during the two-year follow-up duration, about a third of the patients who had received critical care died after hospital discharge; this is consistent with the previous studies which revealed that the long-term survival rate of ICU survivors is still suboptimal \[[@pone.0214602.ref019]--[@pone.0214602.ref021]\]. Surprisingly, more than half of the ICU survivors had functional abnormalities associated with being incapable of unassisted walking, and more than 10% of ICU survivors had both impaired functional abnormalities and level of consciousness \[[@pone.0214602.ref004]\]. These results suggest that an augmented strategy to improve physical and mental health is urgently required to improve the long-term outcomes of ICU survivors.

Our study revealed that functional impairment at hospital discharge is an independent factor for predicting long-term outcomes of ICU survivors. This finding is consistent with findings shown in previous studies that explored the association between physical or neuropsychiatric functions and long-term prognosis in ICU survivors.

Extending the findings of previous studies, our study showed a combined effect of physical function and level of consciousness on long-term treatment outcomes of ICU survivors. Interestingly, after adjusting for confounding factors, the sole presence of physical impairment was not a solid criterion for discrimination between survivors and non-survivors. However, the additional presence of an impaired level of consciousness independently predicted the poor outcomes in ICU survivors. These results might suggest that clinicians need to pay more attention to those subjects with physical impairments, but with intact consciousness since these factors might be adjusted by active treatment such as rehabilitation. However, since we have no data regarding this issue, further studies are needed to confirm our suggestions.

Another strength of our study is the simple functional assessment performed by attending nurses. While various methods have been proposed of measuring physical and neuropsychiatric function that can accurately predict long-term treatment outcomes of ICU survivors \[[@pone.0214602.ref007],[@pone.0214602.ref022]\], most of these have been calculated through complex formulas, which might not be applicable to most hospitals in real-world clinic since most ICUs suffer from insufficient medical resources, including medical staff \[[@pone.0214602.ref023],[@pone.0214602.ref024]\]. Therefore, it is very difficult to apply these complex formulas in real clinical ICU. In this view, our results provide informative data whereby long-term mortality can be predicted by a simple assessment, measuring physical function according to locomotion function (such as the ability to walk or move using a wheelchair, and bed-ridden status) and level of consciousness (arousal or non-arousal). This approach might be more suitable to real-world ICU settings. And, the simple functional assessment is applicable to patient by not only nurses but also all medical staff. Therefore, it might be useful to set an easy and clear goal of discharge patients by every medical staff. Caregivers also can easily understand the long-term prognosis of the patient through easily understandable assessment method, so the physician can discuss the plan according to the patient's progress and reduce unnecessary ICU re-admission.

This study has several limitations. First, this study was conducted at a single center medical ICU in South Korea, and the simple assessment performed might therefore not be applicable to patients in other ICUs in other countries. Thus, further studies are needed to confirm our methods. Second, due to the observational design, our study might have inherent biases related to confounding, potential reverse causation, and the lack of a randomly distributed exposure. Third, we were unable to adjust for psychiatric variables, mental status and level of activity before admission that might have affected physical function and level of consciousness. Forth, only the history of cerebral vascular disease and GCS score at admission were included in the patient's neurological baseline characteristics.

Conclusion {#sec015}
==========

Our study showed that a simple assessment of physical function and level of consciousness at hospital discharge can predict long-term mortality of medical ICU survivors, which suggests the need for augmented treatment strategies to improve physical function and level of consciousness in ICU care. However, since this method has not been validated in other cohorts, a validation study is needed.
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